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ABSTRACT

Objectives: Isthmocele is a hypoechoic area within the lower uterine segment myometrium, resulting from a
discontinuation of the myometrium at the site of a previous cesarean scar. The aim of this study was to examine
the influence of maternal cellular and inflammatory status prior to Cesarean Section (CS) on isthmocele for-
mation.

Methods: This prospective observational study was conducted in a tertiary hospital and included women with
a history of one previous CS. The inflammatory and cellular parameters were collected and ultrasonographic
examinations were conducted in the 6th postpartum month and then analyzed. Logistic regression analysis was
performed to identify potential factors influencing isthmocele formation.

Results: Of the 106 patients, 31 (29.2%) were diagnosed with isthmocele after one previous CS. There were
no significant differences in terms of demographical variables between the groups. However, the duration of
CS was significantly longer in the isthmocele group compared to the group without isthmocele (42.58 + 8.77
vs. 38.42 + 9.50 minutes, p = 0.03). The neutrophil-to-lymphocyte ratio (NLR) was higher and platelet-to-
lymphocyte ratio (PLR) was lower in the isthmocele group (p < 0.001). Logistic regression analysis revealed
that, NLR (OR [odds ratio]: 0.23, 95% CI [confidence interval]: 0.117- 0.473, p <0.001) and PLR (OR: 1.05,
95% CI: 1.027-1.078, p < 0.001) were identified as independent predictors for isthmocele formation after
planned CS.

Conclusions: Inflammatory markers, such as NLR and PLR, may contribute to the formation of isthmocele in
women with a history of one previous CS, shedding light on the underlying pathophysiology.
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l l terine scar defects, also known as isthmoceles or outcomes and potential clinical implications [1]. Isth-
niches, have gained significant attention in recent mocele refers to a specific type of cesarean scar defect
years due to their connection to adverse reproductive characterized by a localized pouch or indentation
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within the anterior uterine wall. This condition can
occur when the healing process after a cesarean sec-
tion (CS) delivery is incomplete or when the scar for-
mation is faulty, leading to various gynecological
symptoms and reproductive complications [2]. Under-
standing the risk factors associated with isthmocele
development is essential for optimizing patient care,
guiding prevention strategies, and improving repro-
ductive outcomes. Furthermore, the presence of isth-
moceles has been linked to several clinical
manifestations, including abnormal uterine bleeding,
chronic pelvic pain, infertility, and complications dur-
ing subsequent pregnancies, such as cesarean scar
pregnancy and placenta accreta spectrum disorders [3,
4].

The formation of isthmoceles is believed to have
a multifactorial etiology, involving a complex interac-
tion of patient-related, surgical, and obstetric factors
[5]. Although the precise mechanisms responsible for
isthmocele formation have yet to be fully understood,
it is widely accepted that impaired scar healing, insuf-
ficient vascularization, and suboptimal tissue repair
play arole in their development and persistence [3, 6].
Uterine wound healing is a complex and dynamic
process that plays a critical role in the development of
isthmoceles. After a CS, the uterine incision goes
through a series of intricate biological events, includ-
ing inflammation, cell migration, extracellular matrix
remodeling, and tissue regeneration [7, 8]. The deli-
cate balance between these processes is vital for
achieving optimal scar formation and subsequent heal-
ing. Disruption of this intricate healing process can re-
sult in impaired scar tissue formation and contribute
to the development of isthmoceles [6, 8, 9]. Under-
standing the mechanisms and factors that influence
uterine wound healing is crucial for identifying key
determinants of isthmocele formation. Previous ani-
mal studies have consistently demonstrated the critical
roles of neutrophils, platelets, and monocytes in the
process of wound healing and tissue maturation [10].
Furthermore, peripheral blood cells, such as neu-
trophils, lymphocytes, and monocytes, serve as essen-
tial biomarkers for evaluating systemic immunity. The
ratios between these different cell types, namely the
neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio (PLR), and monocyte-to-lymphocyte
ratio (MLR), have been extensively used as markers
for assessing the systemic inflammatory response [11].

This study aimed to investigate the potential im-
pact of maternal cellular and inflammatory status on
isthmocele formation.

METHODS

This prospective observational study was conducted
at a university-aftiliated tertiary hospital from March
2020 to February 2022. The study obtained approval
from the local ethics committee (2011-KAEK-25
2019/02-18), and informed consent was obtained from
the participating patients, adhering to the principles
outlined in the Declaration of Helsinki.

The study focused on women between the ages of
20 and 40 years who had a scheduled CS due to a his-
tory of one previous CS. Inclusion criteria consisted
of term pregnancies between 37 and 40 weeks, single-
ton pregnancies, a body mass index (BMI) of 18-25
kg/m2, pregnancy follow-up and delivery at the study
hospital, and no known history of isthmocele. Exclu-
sion criteria included emergency CS, multiple previ-
ous CSs, connective tissue diseases, a history of
gestational diabetes or preeclampsia, uterine anom-
alies, fetal anomalies, a previous history of isthmocele,
smoking, and the use of any medication.

Initially, 217 patients were assessed for eligibility.
Demographic characteristics, preoperative laboratory
values, intraoperative and postoperative data were
recorded for these patients before the planned CS. Ul-
trasonographic examinations were performed in the
6th month postpartum to evaluate the presence of isth-
mocele. A total of 106 patients were included in the
final analysis after excluding those who underwent CS
surgery other than the standard procedure, those who
experienced intraoperative complications, those who
required additional treatment in the postoperative pe-
riod, those who needed blood transfusion, those who
underwent additional medical or surgical interventions
within the 6-month period, and those who were lost to
follow-up (Fig. 1).

The CS technique utilized in our hospital follows
a standardized approach for all patients. Prior to the
procedure, each patient receives intravenous 2 gr ce-
fazolin antibiotic prophylaxis. The surgery begins with
a pfannenstiel incision, and the subcutaneous tissue
and fascia are separated through sharp dissection. The
abdominal cavity is then accessed using a blunt tech-
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at first admission
(0=217)

Total patients included before planned CS

Excluded:

Non- standart CS procedure (n=32)

Intraoperative complications (n=11)

Blood transfusion (n=9)

Additional treatment in postoperative period (n=25)
Additional medical or surgical interventions (n=17)
Lost-to follow up (n=21)

v

6th month postpartum
(n=106)

Patients evaluated with ultrasonography at

Patients with
isthmocele
(n=31)

Patients without
istmocele
(n=75)

Fig. 1. Flowchart of the study.

nique. For the uterine incision, a lower segment trans-
verse-Kerr incision is made without detaching the
bladder. Following the delivery of the baby, the pla-
centa and its attachments separate naturally, and the
cervical opening is examined using sterile gloves. The
placental bed is cleaned using dry gas, and the uterine
scar is closed using a single-layered continuous
polyglactin suture. Once bleeding is controlled, the
peritoneum is closed with 2/0 polyglactin sutures, and
the fascia is closed using a number 1 polyglactin su-
ture. In cases where the subcutaneous tissue thickness
is less than 2 cm, the skin is closed subcuticularly
using 3/0 sharp prolene sutures, and the wound is
dressed without further skin suturing.

In the postpartum 6th month, transvaginal ultra-
sonography (TVUSG) was conducted by a single doc-
tor (G.G.) to ensure consistency and minimize
interobserver differences. Various measurements were
taken, including uterine length, width, endometrial
thickness, niche-istmocele depth, residual myometrial
thickness, and myometrial tissue adjacent to the scar.

Patients with a uterine scar depth of 2 mm or more

in the sagittal section of ultrasonography were consid-
ered positive for the presence of isthmocele. At the end
of the 6th month, the patients were categorized into
two groups based on TVUSG findings: those with
isthmocele and those without isthmocele. These two
groups were then compared in terms of clinical, de-
mographic, cellular, and inflammatory variables. In-
flammatory parameters, including the NLR, MLR and
PLR, were among the variables considered and analyzed.

Statistical Analysis

The statistical analysis was performed using SPSS
version 25.0 (Statistical Package for Social Sciences
Inc., Chicago, IL, USA). The normality of the distri-
bution of variables was assessed using the Shapiro-
Wilk test. For the comparison of continuous variables
between groups, the Mann-Whitney U test was uti-
lized. The chi-square test was employed for categori-
cal variables. Logistic regression analysis was
conducted to identify potential cofactors that may in-
fluence the formation of isthmocele. A p-value of less
than 0.05 was considered statistically significant.
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RESULTS

In the study, out of the 106 patients included, 75
(70.7%) did not have an isthmocele, while 31 (29.2%)
were diagnosed with an isthmocele. The demographic
and clinical characteristics of the patient groups are
summarized in Table 1. There were no significant dif-
ferences between the groups in terms of age, BMI,
presence of systemic disease, gestational week, pla-
cental position, fetal presentation, and birth weight

(Table 1). However, the duration of the CS was longer
in the isthmocele group compared to the group without
isthmocele (42.58 + 8.77 vs. 38.42 + 9.50 minutes, p
=0.03) (Table 1). Blood loss, duration of hospitaliza-
tion, and breastfeeding were similar between the
groups.

The laboratory results of the two groups are pre-
sented in Table 2. Preoperative hemoglobin (Hb) and
fibrinogen values showed no significant differences
between the groups. However, the preoperative

Table 1. Comparison of clinical and demographic characteristics and birth follow-up outcomes

among patient groups.

Patients without isthmocele Patients with isthmocele p value
(mn=175) (n=31)
Age (years) 28.85+4.99 30.06 = 4.87 0.260
Gravida 2 (2-6) 2 (2-4) 0.013
Parity 1(1-3) 1(1-3) 0.015
BMI (kg/m?) 29.31 +2.55 28.88 +0.50 0.316
Systemic disease, n (%)
No 62 (82.7) 28 (90.3) 0.386%*
Yes 13 (17.3) 309.7)
Birth week 38.48 £0.50 38.58 =£0.50 0.348
Placental position, n (%)
Fundal/lateral 58 (77.3) 21 (67.7) 0.271*
Anterior extending incision 5(6.7) 1(3.2)
Posterior 12 (16.0) 9 (29.0)
Fetal presentation, n (%)
Vertex 72 (96.0) 29 (93.5) 0.533*
Breech 22.7) 2(6.5)
Podolic 1(1.3) 0 (0)
Anesthesia type, n (%) 0.419*
Spinal 65 (86.7) 24 (77.4)
Combined 3(4.0) 309.7)
General 7(9.3) 4(12.9)
Duration of C- section (min) 38.42 +9.50 42.58 £8.77 0.030
Volume of blood loss (mL) 436.80 + 120.02 424.19 £ 99.89 0.617
Birth weight (g) 3406.40 + 283.78 3339.83 £299.34 0.272
Duration of hospitalization (h) 50.32 £ 7.30 49.54 £5.99 0.620
Duration of breast-feeding (days) 187.25 +42.73 184.61 +39.13 0.542

Values are given mean =+ standard deviation or median (minimum-maximum). BMI = body mass index

Mann whitney-U test was performed unless otherwise specified.

P <0.05 was significant. *Chi-square test was used.
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Table 2. Comparison of laboratory results among patient groups

Patients without Patients with p value

isthmocele isthmocele
(n=175) (n=31)

Preoperative Hb (g/dL) 10.76 £ 1.13 11.20+1.21 0.101
Preoperative WBC (x10°/uL) 9.81 +£2.53 9.63 £2.13 0.997
Preoperative neutrophils (x10°/uL) 7.78+1.73 8.43+1.30 0.051
Preoperative lymphocytes (x10°/uL) 2.02 +0.56 1.90 £ 0.63 0.221
Preoperative monocytes (x10°/uL) 0.54+0.18 0.57+£0.20 0.582
Preoperative platelets (x10°/uL) 323.58 £323.12 216.87 £29.78 <0.001
Preoperative fibrinogen (mg/dL) 428.81 £63.70 44541 +£77.17 0.326
NLR 4.12+£1.36 491 +1.67 0.015
MLR 0.28£0.12 0.32+0.12 0.183
PLR 183.52 +260.21 126.01 +40.92 0.045

Hb = hemoglobine, WBC = White blood cell, NLR = Neutrophil-to-lymphocyte ratio, MLR = Monocyte-to-lymphocyte ratio,

PLR = Platelet-to-lymphocyte ratio

platelet count was higher in the group without isthmo-
cele compared to the isthmocele group (323.58 =+
323.12 vs. 216.87 +29.78, p < 0.001) (Table 2). The
NLR and PLR also exhibited significant differences
between the groups. In patients with isthmocele, the
NLR was higher, while the PLR was lower compared
to those without isthmocele (Table 2).

Logistic regression analysis was conducted to de-
termine factors associated with isthmocele formation,
considering age, NLR, MLR and PLR. Among pa-
tients with a history of one previous CS, NLR (OR
[odds ratio]: 0.23, 95% CI [confidence intervall]:
0.117-0.473, p <0.001) and PLR (OR: 1.05, 95% CI:
1.027-1.078, p <0.001) were identified as independent
predictors for isthmocele formation after planned CS
(Table 3).

DISCUSSION

The objective of this study was to investigate the cel-
lular and inflammatory factors involved in the devel-
opment of isthmocele following planned CS in
patients with a history of one previous CS. Among the
106 patients included in the analysis, 29.2 % were di-
agnosed with isthmocele, while 70.7 % did not have
isthmocele. The demographic and clinical character-
istics of the patient groups were comparable, indicat-
ing a similar baseline between the two groups.
However, it was observed that the duration of CS was
significantly longer in the isthmocele group compared
to the group without isthmocele. Interestingly, the lab-
oratory analysis revealed distinct differences between
the groups. Specifically, the preoperative platelet count

Table 3. Logistic regression analysis of factor effecting isthmocele presence

Variables OR 95 % CI p value
Age 1.01 0.907-1.136 0.796
NLR 0.23 0.117-0.473 <0.001
MLR 0.55 0.003-114.318 0.826
PLR 1.05 1.027-1.078 <0.001

NLR = Neutrophil-to-lymphocyte ratio, MLR = Monocyte-to-lymphocyte ratio, PLR = Platelet-to-lymphocyte ratio, Model

summary: R?=0.46, p < 0.001
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was significantly lower in patients with isthmocele,
suggesting a potential role of platelet dysfunction in
the pathogenesis of isthmocele. Additionally, the ele-
vated NLR and decreased PLR observed in the isth-
mocele group may serve as biomarkers reflecting the
inflammatory and immune response associated with
isthmocele formation. Logistic regression analysis fur-
ther identified key factors contributing to isthmocele
formation, including NLR and PLR.

The prevalence of isthmocele can vary signifi-
cantly, ranging from 6.9% to 69%, depending on the
study population and methodology employed [1, 12].
It is crucial to acknowledge that the reported preva-
lence may be subject to change based on the criteria
used to define isthmocele. Different diagnostic tech-
niques, such as gel/saline instillation sonohysterogra-
phy, have been associated with higher prevalence rates
of up to 84% [12, 13]. The presence of symptoms can
also impact the incidence of isthmocele. Asympto-
matic patients with isthmocele may be underestimated,
as clinicians may not always recognize it as a potential
cause of symptoms, possibly due to a lack of aware-
ness [14]. Furthermore, the prevalence of isthmocele
tends to increase with an increasing number of previ-
ous CSs [1]. In our study, we observed an incidence
0f29.2% for isthmocele in patients with one previous
CS. Additionally, it is important to consider the tech-
nique used for uterine closure during CS, as it can po-
tentially influence the development of isthmocele. In
our study, we specifically utilized one-layer continu-
ous sutures for uterine closure, which may have im-
plications for the occurrence and prevalence of
isthmocele.

To the best of our knowledge, this is the first study
to investigate the relationship between NLR, MLR,
PLR and isthmocele formation. Our findings revealed
that higher NLR and lower PLR during the peripartum
period were associated with an increased risk of isth-
mocele formation. It is worth noting that isthmocele
formation can be considered as a condition related to
inadequate healing of the uterine wound. In normal
circumstances, when an injury occurs, neutrophils mi-
grate to the wound site through chemotaxis. They re-
lease enzymes to fight infection and remove dead
tissue [15]. However, if neutrophils become ex-
hausted, abnormal fibrin fibers can accumulate, delay-
ing wound healing [16]. Increased NLR may indicate

impaired healing. Additionally, the balance between
platelets and lymphocytes, derived from the same stem
cells, is crucial for homeostasis. Abnormal platelet lev-
els caused by systemic inflammation can directly im-
pair wound healing. In cases of abnormal blood cell
production, the PLR may temporarily decrease due to
faster platelet depletion [17]. Maintaining proper func-
tioning and balance of neutrophils, platelets, and lym-
phocytes is vital for optimal wound healing and
immune response.

In a study investigating wound healing after neck
surgery, a higher NLR and lower PLR were found to
be associated with postoperative wound complications
[18]. Similarly, another study involving pregnant
women reported significantly higher NLR and lower
PLR in women with preeclampsia compared to
healthy pregnancies [19]. The authors of these studies
linked these altered levels to impaired inflammation
[19]. Another study conducted in people who had
elective mesh surgery for groin hernia, high NLR in
the preoperative period was found to be significantly
associated with postoperative surgical site infection
and decrased wound healing [20]. All these mentioned
studies show that NLR and PLR are important markers
in predicting the course of the inflammatory process.
Therefore, it can be inferred that an enhanced inflam-
matory response during pregnancy could lead to en-
dothelial dysfunction and incomplete wound healing,
potentially contributing to the formation of isthmo-
cele.

Limitations

This study has several limitations that should be
acknowledged. Firstly, the data was collected from a
single center, which may limit the generalizability of
the findings to other settings. Secondly, the diagnosis
of isthmocele was based solely on TVUSG, without
the use of additional diagnostic modalities such as
saline infusion sonography or hysteroscopy, which
could potentially impact the accuracy of the isthmo-
cele diagnosis. Moreover, the study focused specifi-
cally on patients with one previous CS, and it is
unclear whether these patients had a previous diagno-
sis of isthmocele before the current pregnancy. This
information could have provided further insights into
the relationship between previous isthmocele and its
recurrence.
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Despite these limitations, there are notable
strengths to our study. The prospective nature of the
data collection allowed for the accurate assessment of
variables and minimized the potential for recall bias.
Additionally, the standard surgical methods used for
every patient ensured consistency in the surgical ap-
proach, reducing the confounding effects of different
techniques. Furthermore, the inclusion of patients with
comparable demographic characteristics enhanced the
validity of the findings. Importantly, this study is the
first to evaluate the relationship between inflammatory
parameters and isthmocele formation, providing novel
insights into the potential mechanisms underlying its
development.

CONCLUSION

In conclusion, there was a significant difference in the
preoperative NLR and PLR values between patients
who developed isthmocele and those who did not.
These findings suggest that the inflammatory param-
eters NLR and PLR may serve as potential biomarkers
for predicting isthmocele formation. Further research
is needed to validate these findings and explore the un-
derlying mechanisms linking inflammation to inade-
quate wound healing and isthmocele development.
Nevertheless, these results contribute to our under-
standing of isthmocele pathogenesis and may have im-
plications for risk assessment and preventive strategies
in patients undergoing CS with a history of one previ-
ous cesarean.
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